The 500-kDa cytochrome bc 1 complex from S. cerevisiae (complex III of the respiratory chain) was solubilized in 0.05% undecyl-maltoside (UDM), and isolated and purified as described.
[9] The detergent appeared to be concentrated roughly by a factor of 10 in the ultrafiltration step, as even a 40-fold molar excess of α-cyclodextrin (4.72%) did not precipitate the complex completely ( Figure S2a ). GRecon gradients were prepared with 1.77% and 2.36% α-cyclodextrin corresponding to a 1.8-and 2.4-fold molar excess relative to the estimated UDM concentration of 0.5%, respectively. With 0 -2.36% α-cyclodextrin in a gradient ranging from 0.3 -0.8 M sucrose, a reddish opaque band was found in the upper half of the gradient after centrifugation. With 0 -1.77% α-cyclodextrin in a 0.3 -1.3 M sucrose gradient, a similar band was found in the lower half ( Figure S2b ). SDS-PAGE showed that both contained cytochrome bc 1 complex ( Figure S2c ). Freeze-fracture EM revealed that the former contained proteoliposomes with individually incorporated complexes, whereas in the latter case the complex was densely packed and formed 2D crystals (Figure S2d The trimeric light harvesting chlorophyll a/b protein complex II (LHC-II) from pea (Pisum sativum), which has a total mass ~150 kDa, was used as a membrane protein of intermediate size. LHC-II was solubilized in 1% NG.
[11] Titration with α-cyclodextrin revealed that a 1.2:1 molar ratio or 3.81% of cyclodextrin was sufficient to remove all detergent and precipitate the protein ( Figure S3a ). GRecon gradients were prepared with 0.3 -1.3 M sucrose, 0 -0.57% α-cyclodextrin and thylakoid lipids (50% MGDG, 31% DGDG, 10.7% PG and 8.3% SQDG) solubilized in Triton X-100 at different lipid-to-protein ratios. After ultracentrifugation, a strong dark green band was found in the lower quarter of the gradient at LPR 15.
At LPR 5 there was a dark-green pellet. Both gradients also showed a green band near the top ( Figure   S3c ). The light green color of the gradients loaded with protein is due to free chlorophyll released by detergent. SDS-PAGE indicated that the band from the higher gradient density and the pellet contained significant amounts of LHC-II ( Figure S3b ). Freeze fracture analysis revealed that the proteoliposome band from the gradient with LPR 15 contained vesicles densely packed with proteins, mostly in 2D crystal lattices (Figure S3d ). The pellet from the gradient at LPR 5 consisted entirely of 2D crystals ( Figure   S3f ). The liposome band consisted mostly of small empty vesicles and only very few small patches of 2D crystals ( Figure S3e ). These had most likely been trapped by the empty vesicles and thus did not migrate into the gradient. Note that LHC-II formed 2D crystals on all GRecon gradients we tested. The 2D arrays of the cytochrome bc 1 complex and LHC-II clearly demonstrate potential of the new GRecon method for 2D crystallization of membrane proteins. Finally, we tried the small, monomeric 32-kDa β-barrel outer membrane porin OmpG from E. coli.
OmpG was expressed and purified as described, [12] except that a construct with 15 additional amino acids, including 6 N-terminal histidines, was used and the detergent was exchanged to 0.4% NG during the second ion exchange chromatography step. The initial precipitation test worked with 1.52% α-cyclodextrin (1.2:1 molar ratio). In this case the protein not only precipitated but unfolded, as indicated by a shift of the band in SDS-PAGE ( Figure S4a ). After ultracentrifugation of OmpG into a density
